Progress has recently been made toward the production of human skeletal muscle cells from induced pluripotent stem (iPS) cells. However, the functional and ultrastructural characterization, which is crucial for disease modeling and drug discovery, remains to be documented. We show, for the first time to our knowledge, that the electrophysiological properties of human iPS-derived skeletal myocytes are strictly similar to those of their embryonic stem (ES) cell counterparts, and both are typical of aneural mammalian skeletal muscle. In both cell types, intracellular calcium signaling that links membrane depolarization to contraction occurs in the absence of extracellular Ca
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human iPS-myocyte | human ES-myocyte | electrophysiology | EC coupling | ultrastructure T he generation of induced pluripotent stem (iPS) cells by genetic reprogramming of adult human somatic cells has opened great opportunities for basic research and regenerative medicine. Modeling human diseases with iPS cell technology offers a direct, noninvasive, and renewable experimental system for reproducing and studying pathological conditions. Within 5-6 y after the first report on human iPS cells (1) , an amazing number of diseases affecting various systems (neurological, metabolic, cardiovascular, hematopoietic) have been modeled by reprogramming patient somatic cells (especially skin fibroblasts) into iPS cells followed by specific differentiation into cell types affected by the disease (2) . Nevertheless, the efficiency of generating a robust population of cell progenitors from human iPS cells with a high differentiation potential in culture varies widely between different tissues. In particular, producing skeletal muscle cells from iPS cells turned out to be challenging, as reflected by the very limited number of reports and laboratories with successful results. This is in contrast to cardiac muscle, which has widely benefited from iPS cell technology, as various hereditary heart diseases have been modeled and explored (3, 4) . We have previously shown that inducible expression of paired box (PAX) 3 or 7 transcription factors in both murine embryonic stem (ES) and iPS cells promotes the production of myogenic progenitors (5, 6) . The differentiation potential of these progenitors has been demonstrated in vitro by the occurrence of multinucleated myocytes expressing myogenin and myosin heavy chain (MHC) and in vivo by the presence of functional donor-derived myofibers (5, 6) . Recently, this approach has been applied successfully to human ES/iPS cells (7) . Nonetheless, other important aspects, such as those related to the physiological and ultrastructural differentiation, need to be explored to assess the applicability of the present model to pathophysiological research. The need for such characterization also applies to ES-derived skeletal muscle cells, which we can refer to as the natural counterpart to the iPS model.
The present study elucidates the electrophysiological properties and the excitation-contraction (EC) coupling of both human iPSand ES-derived skeletal myocytes (ES-and iPS-myocytes) and depicts the underlying ultrastructural organization. It also determines the degree of maturity that stem-cell-derived myogenic progenitors can attain following several weeks of differentiation in vitro.
Results
A preliminary survey led us to the conclusion that iPS-and ESderived myogenic progenitors should be allowed at least 2 wk in the differentiation medium to reach a consistent degree of functional and ultrastructural differentiation. Therefore, we focused on cells that have differentiated for 2-8 wk, as the aim of the present study was not to describe the sequence of developmental events, but to assess the ability of myogenic progenitors
Significance
Patients with inherited skeletal muscle diseases are offered little else than symptomatic relief, even when responsible genes have been identified. Access to human skeletal muscle through induced pluripotent stem (iPS) cells has opened new prospects for basic research and drug discovery. Yet the exact nature of iPS-derived skeletal muscle cells needs to be explored to assess their relevance to pathophysiological studies. We show, for the first time to our knowledge, that human iPSderived skeletal myocytes acquire functional and ultrastructural landmarks of skeletal muscle and reach, in vitro, the same degree of maturity as their embryonic counterparts. This detailed characterization, besides validating the model, paves the way for exploring the pathophysiology and pharmacology of skeletal muscle diseases using patient-derived iPS cells.
to acquire skeletal muscle-specific features in vitro. Fig. S1 shows the occurrence of MHC, a protein typical of skeletal muscle (7), at 7 and 14 d postdifferentiation in ES-and iPS-myocytes, however sarcomeric organization takes place at later stages, becoming manifest at 30 d, as illustrated by α-actinin immunostaining of the Z-lines (Fig. 1) .
Electrophysiology. The resting membrane potential (RMP) recorded from proliferating cells was relatively low in both ES-and iPS-derived myogenic progenitors, with mean values (±SEM) of -39.41 ± 4.31 mV (n = 12) and -36.52 ± 1.25 mV (n = 12), respectively. Differentiated cells (myocytes) displayed higher RMP than proliferating progenitors; similar RMP mean values were found in ES-(-72.25 ± 4.57 mV) and iPS-myocytes (-72.12 ± 2.55 mV). To assess the ability of the cells to generate action potentials (APs), a series of 15 ms depolarizing current pulses of increasing intensity was delivered in 50 pA increments. Before stimulation, the cell membrane was hyperpolarized to a standard level of -100 ± 2 mV by injecting a steady inward current, which eliminated variation in the initial RMP between cells and enabled assessment of membrane excitability under similar conditions of maximum Na + channel availability. In both ES-and iPS-derived myogenic progenitors, electrical stimulations of increasing intensity failed to trigger APs and gave rise to passive voltage changes ( Fig. 2 A1 and A2) . Proliferating progenitors are therefore unexcitable as confirmed by the lack of detectable voltage-dependent Na + currents ( Fig. 2 C1 and C2). In contrast, differentiated muscle cells from both stem cell types were electrically excitable and displayed fast rising APs that clearly overshot the zero level ( Fig. 2 B1 and B2) . APs generated by ES-and iPS-myocytes had a similar magnitude and kinetics. In both ES-(n = 10) and iPS-myocytes (n = 10), the AP was initiated from a threshold potential of -42.5 ± 1.4 and -42.0 ± 1.7 and reached 45.4 ± 1.5 and 44.8 ± 1.6 mV, with a maximum rising slope of 103.4 ± 8.8 and 105.9 ± 10.4 V/s, respectively. The fast upstroke was followed by a slower decay toward the resting level at a maximum rate of -32 ±0.2.5 and -35.9 ± 4.3 V/s; the AP duration relative to the threshold was 2.9 ± 0.2 and 2.6 ± 0.2 ms, respectively.
Voltage-gated ion channels underlying membrane excitability were investigated by recording whole-cell currents under the same near-physiological conditions (and in most cases from the same cells) as those used to record APs. In proliferating myogenic progenitors from both stem cell types, ion currents were hardly detectable following membrane depolarization up to 60 mV ( Fig. 2 C1 and C2) . In a few cases, early, transient inward currents, presumably carried by Na + ions, could be observed but did not exceed a few tens of pA. Outward currents were hardly detectable within this voltage range, however stronger depolarization up to 100 mV led to noticeable outward currents that activated at ∼50 mV and increased steeply with further depolarization. As can be seen from Fig. 2 C1 and C2, these currents led to noisy recordings characterized by fluctuations that became larger as the voltage was stepped toward positive values. They were carried by K + , as they were suppressed by mM concentrations of TEA and had a reversal potential of ∼-90 mV as measured from the tail currents, a value close to the Nernst equilibrium potential for K + ions (∼−97 mV under the present conditions). In contrast to their progenitors, both ES-and iPSmyocytes produced large inward currents in response to a series of depolarizing voltage steps from −70 to 60 mV (V H , −100 mV) ( Fig. 2 D1 and D2) . Total currents, which represent the sum of currents of different ion species, consisted of an early inward Na + current followed by a sustained outward delayed rectifier K + current, as confirmed by their respective blockade with TTX and TEA (Fig. 2 F and G) . Accurate study on the voltage dependence of Na + and K + currents usually requires their separation using specific solutions and ion channel blockers. However, individual current/voltage curves could still be drawn from our recordings and yielded useful information on the ion currents underlying membrane excitability ( Fig. 2 E1-E3 ). In both cell types, Na + currents were activated from −50 mV and reached maximum intensity at ∼−30 mV. Delayed rectifier K + currents displayed a more positive activation threshold of ∼−30 mV and a slight rectification from 40 mV (Fig. 2E1) . Changing the holding potential from −100 to −50 mV caused full inactivation of the Na + component, leaving only outward K + currents (Fig. 2E2) , with similar voltage dependence to those recorded at a V H of −100 mV. Their intensity, however, decreased by ∼40%, suggesting thereby a degree of inactivation for the voltage-gated K + channels expressed in these cells (Fig. 2E3) . Analysis of Na + and K + current density (Fig. 2E3) did not reveal any significant difference between the two cell types. Indeed, maximum current density was 78.4 ± 6.8 and 80.8 ± 9.8 pA/pF for Na + and 29.77 ± 2.39 and 27.46 ± 2.59 for K + currents (at 60 mV), in ES-(n = 13) and iPS-myocytes (n = 13), respectively (V H , −100 mV). Recordings obtained at a V H of −50 mV in ES-(n = 6) and iPS-myocytes (n = 8) showed negligible maximal Na + current density (−0.51 ± 0.09 and −1.23 ± 0.28, respectively) and a clear decrease in K + current densities (17.22 ± 2.54 and 16.70 ± 2.99 pA/pF, respectively) compared with those obtained at a V H of −100 mV. Again, there was no difference between ESand iPS-myocytes.
Pharmacological dissection of the total current was achieved using TTX to block Na + channels and TEA to block K + channels. It is well established that vertebrate skeletal muscles express both TTX-sensitive and TTX-insensitive Na + channels during their development and retain essentially TTX-sensitive channels after full maturation and innervation in vivo (8) . Similarly, myocytes from primary cultures express both types of Na + channels (9). We used different doses (from 0.1 to 10 μM) of TTX to distinguish between these two Na + channel types based on K 0.5 values previously reported for developing myocytes in culture (9) . In both ES-and iPS-myocytes, low doses of TTX (0.1 μM) suppressed ∼25% of the Na + current, demonstrating thereby the presence of TTX-sensitive Na + channels (Fig. 2 F1-F3 ). Higher concentrations of TTX further blocked the Na + current in a dose-dependent manner, with a break in the slope of the doseresponse curve suggesting the presence of two types of Na + channels with a different TTX affinity (Fig. 2F3) . In both cell types, 10 μM of TTX eliminated ∼80% of the current. The outward current was substantially altered by the addition of TEA in both ES-and iPS-myocytes. On average, up to 75% of the K + current was blocked by 10 mM TEA (Fig. 2 G1 and G2) , and the remaining outward current disappeared after the addition of 100 μM 3,4-Diaminopyridine (DAP). Taken together, these data suggest the presence of TEA-and DAP-sensitive K + channels, which is in line with the existence of different voltage-dependent K + channels in mammalian skeletal muscle (10) . L-type Ca 2+ currents were recorded using a 1 s depolarizing prepulse (11) to inactivate Na + and T-type Ca 2+ currents (Fig. 2  H1-H3) . In both ES-and iPS-myocytes, currents evoked during various test potentials (Fig. 2H3) had the characteristics of skeletal muscle Cav1.1 channels (12)-that is, slow activation kinetics (reached a peak value in >100 ms), high activation threshold (∼−10 mV), and complete inhibition by 50 μM of the dihydropyridine receptor (DHPR) blocker nifedipine ( Fig. 2 H1 and  H2) . The current peaked at ∼30 mV, and maximum densities obtained from ES-(1.93 ± 0.25 pA/pF, n = 7) and iPS-myocytes (1.86 ± 0.33 pA/pF, n = 9) were comparable and of the same order of magnitude as those reported for human myotubes from muscle biopsies (13 . Importantly, the Ca 2+ transient was accompanied by cell contraction, which confirms its physiological role in EC coupling. Note that cell contraction, which transiently reduced the fluorescent area under assessment, did not have any significant effect on the peak R 340/380 . Baseline and peak fluorescenceinduced high K + depolarization were comparable between ESand iPS-myocytes (Fig. 3 A1 and A2 ). This yielded a similar increase in fluorescence between ES-and iPS-myocytes, with mean values of a 1.44 ± 0.01-and 1.48 ± 0.03-fold increase from baseline, respectively. The upstroke of the calcium signal was best fitted to a sigmoid function of the Boltzmann type, and described by the slope factor (dt). There was no statistically significant difference (P > 0.5) in the mean values (±SEM) of the slope factor between ES-(2.58 ± 0.19, n = 80) and iPSmyocytes (2.65 ± 0.16, n = 95). The dt values were widely spread, ranging from 0.25 to 8.25 s in ES-and from 0.75 to 7.75 s in iPSmyocytes. Histograms of upstroke dt values revealed two peaks for both cell types: a common primary peak at 1.8 s shared by the majority of cells and a secondary peak at 6.0 s and 4.8 s for ES-and iPS-myocytes, respectively ( Fig. 3 B1 and B2) . Note that dt values were not correlated with the differentiation time in culture (beyond the minimum period of 2 wk applied herein). The decay phase of the Ca 2+ signal was analyzed by normalizing the fluorescence R 340/380 values to the peak and averaging the data at seven subsequent time points following the peak (Fig. 3  C1 and C2) . The averaged decay curves could be nicely fitted to a biexponential function characterized by a fast (τ f ) and a slow (τ s ) time constant. The fast decay component was identical in ES-and iPS-myocytes, with τ f mean values of 7.41 (n = 80) and 7.47 s (n = 95), respectively. In contrast, the slow decay component was faster in ES-than in iPS-myocytes with a clear difference in τ s (60.4 s and 97.0 s, respectively). We also analyzed the distribution of individual τ f and τ s values for more accuracy. As shown in Fig. 3 D1 and D3 , the values for τ f ranged from 1.0 to 15.0 s in ES-and from 1.0 to 19.0 s in iPS-myocytes. The values of τ s displayed greater variability than τ f between individual cells within the same experiment (Fig. 3 D2 and D4 ) and did not fit to a normal distribution. Corresponding histograms clearly depict two populations among ES-myocytes: the first with relatively fast τ values around 25 s, which we will refer to as the slow time constant per se (τ s ), and the second with values over 100 s, which we named ultraslow (τ us ). This kind of bimodal distribution was not manifest in iPS-myocytes, which mostly displayed ultraslow values over 100 s. Indeed, the fraction of cells with τ us was significantly higher in iPS-(56.8%) than in ES-myocytes (27.5%). Altogether, our results demonstrate that both ES-and iPS-myocytes respond to K + depolarization by a similar rise in [Ca 2+ ]i and show differences in their ability to bring back cytosolic Ca 2+ to baseline levels.
Ultrastructural Features. Proliferating myogenic progenitors of both ES and iPS origin had a round or polygonal shape with a prominent nucleus and unspecific subcellular organization (Fig. S2) .
No muscle features such as myofilaments were detected at this stage. Upon their differentiation, both ES-and iPS-derived myogenic cells gradually developed a muscle phenotype, with a typical transition from randomly organized myofilament network to clearly striated myofibril pattern (Fig. 4) . The degree of myofibrillar organization varied between cells within the same culture dish and between different dishes of the same age, but became more homogenous beyond 2 wk of differentiation. From the third week of induced differentiation, a myofibril cross-striation pattern was noticeable in both ES-and iPS-myocytes. The A-I alternating pattern could be observed before parallel alignment of myosin and actin filaments was fully achieved. This is illustrated in Fig. 4 A and H, which shows longitudinal sections of ES-and iPS-myocytes, with somewhat wavy Z-lines and A-bands containing fascicles of thick filaments of various orientations. After 1 mo of differentiation, we commonly encountered ES-and iPS-myocytes with the typical sarcomeric arrangement alternating A-(overlapping thick and thin filaments) and I-bands (thin filaments). Electron-dense Z-lines clearly delimited the sarcomeres, and M-lines were identified across the A-bands (Fig. 4 E and I) . Myofibril organization was generally accompanied and sometimes preceded by the occurrence of specific junctions between T-tubule-like structures (T) with their electrolucent lumens and sarcoplasmic reticulum (SR) sacs containing electron-dense granular material. These socalled internal Ca 2+ release units (CRUs) (14) displayed various configurations, orientations, and localizations. They could appear as dyads (one T-tubule and one SR cisterna), triads (one T-tubule between two SR cisternae), or "inverted" triads (two Ttubules separated by one SR cisterna). Multiple junctions made of several T-SR junctions in a row were also often observed (Fig.  4 F and J2) . At the interface with the T-tubules, SR membranes were typically lined by rows of regularly spaced electron-dense structures corresponding most likely to the "feet" of ryanodine receptors (RyRs), as clearly illustrated in Fig. 4 D, G , and K. Regardless of their configuration, these internal couplings were generally localized in a cytoplasmic area at some distance from the myofibrils, and only rarely occurred at the A-I junction. Besides these internal junctions, both cell types displayed the socalled peripheral couplings-that is, SR cisternae with RyR feet closely apposed to the plasma membrane (Fig. 4 G and J3) . Both internal and peripheral couplings could coexist within the same myocyte. Interestingly, regardless of the type of CRUs, the gap between T-tubule and SR membranes had a constant thickness of ∼15 nm. Triads with typical localization at the A-I junction and transversal orientation were not found in the present electron microscopy survey, suggesting that these highly organized structures characteristic of mature skeletal muscle fibers are either very rare or absent in the present model.
Discussion
Although human iPS-derived skeletal myocytes have been successfully produced in vitro, their functional characteristics and degree of maturity remain unknown. We show, for the first time to our knowledge, that these cells acquire the ion channel machinery to generate APs and EC coupling typical of skeletal muscle. At the ultrastructural level, they are endowed with CRUs, which remain diverse in shape and distribution in an otherwise highly organized myofibrillar network. All these characteristics are comparable to those found in ES-myocytes.
Myogenic progenitors from both stem cell types have a low RMP and lack detectable voltage-gated Na + currents, the key markers of muscle excitability. In this respect, they are clearly different from human satellite cells from adult muscles, which express noticeable voltage-gated Na + currents (15) . This suggests that satellite cells undergo some degree of electrophysiological differentiation toward the muscle phenotype, whereas ES-and iPS-derived myogenic precursors remain electrically undifferentiated. Voltage-gated ion currents present in stemcell-derived myogenic progenitors are predominantly K + currents resembling MaxiK (BK) currents reported in human mesenchymal stem cells (16) . MaxiK channels, which respond to both voltage and [Ca 2+ ]i, are thought to regulate calciumdependent signaling pathways and may act as effectors for trophic factors in the surrounding cell milieu (17) . Nevertheless, definite identification of these presumed MaxiK channels will require further investigation.
In both cell types, the RMP became more negative with cell differentiation, reaching for both cell types comparable levels to those reported for human myotubes from muscle biopsies (18) . Such change is probably related to the expression of K + leak channels known to set the RMP (19) .
APs elicited by electrical stimulation had similar characteristics in ES-and iPS-myocytes and displayed a sharp rising phase followed by a slower decay, but no plateau phase, which distinguish them from those generated by cardiomyocytes in culture (20) . In both cell types, AP threshold and overshoot were comparable to those reported for cultured human primary myotubes from muscle biopsies (18, 21) , and for mammalian skeletal muscle, in general (22) . AP kinetics vary with experimental conditions (temperature, protocols, etc.) and are therefore difficult to compare with published data. However, the total duration of AP recorded from ESand iPS-myocytes was relatively long, mainly because of the decay rate. In contrast, the rate of the rise was in the same order as that found in primary cultured myocytes when bath temperature is taken into account (18) . This suggests that voltage-gated Na + channels, which are responsible for the depolarizing phase of the AP, reach a higher level of efficiency than K + channels known for their critical role in membrane repolarization. This is corroborated by the higher density of voltage-gated Na + compared with K + currents in both ES-and iPS-myocytes. Although this seems to be a common characteristic in mammalian skeletal muscles and in other excitable tissues (23), a relatively small K + conductance may favor spontaneous firing and hence contractions in these differentiating cells. The coexistence of TTX-sensitive and TTX-resistant Na + currents is in line with established knowledge on the expression of both Nav1.4 and Nav1.5 (adult skeletal muscle and cardiac Na + channel isoforms, respectively) in noninnervated skeletal muscle (8, 9) . Although the contribution of each channel isoform cannot be precisely inferred from the present study, our results indicate a predominant expression of the cardiac isoform in both cell types. This brings to attention the limitation of using noninnervated iPS-derived skeletal myocytes as an experimental model for studying the pathophysiological mechanisms underlying human diseases associated with ion channels (or other proteins) that require neuromuscular interactions for full expression. A natural alternative would be to coculture human iPS-derived skeletal muscle cells and motoneurons, the latter being currently available for investigation (24) .
In different muscle types (cardiac, smooth, skeletal), excitation-contraction coupling relies on homologous molecular machinery-that is, the DHPR L-type Ca 2+ channels in the plasma membrane and the RyR Ca 2+ release channels in the SR membrane (25, 26) . Crosstalk between these two molecular players is, however, unique in skeletal muscle, where it depends primarily on membrane depolarization and proceeds in the absence of extracellular Ca
2+
. Therefore, the occurrence of a biphasic change in [Ca 2+ ]i upon K + -induced membrane depolarization in the absence of extracellular Ca 2+ provides evidence for a skeletal-musclespecific EC coupling in ES-and iPS-myocytes, and is in line with the presence of skeletal-muscle L-type Ca 2+ currents. The rate of rise in [Ca 2+ ]i, which reflects the rate of Ca 2+ release, showed a nonuniform distribution, suggesting various degrees of differentiation for EC coupling in both cell types, reminiscent of what has been reported in developing skeletal muscle (27) (28) (29) . Nonetheless, the fastest rates of release (lowest dt values), which should reflect more mature EC coupling, concerned the majority of cells. This functional heterogeneity is substantiated by the occurrence of various structural arrangements of the CRUs.
The biexponential decay of the intracellular Ca 2+ signal suggests that at least two distinct processes account for the buffering of Ca 2+ ions released from the SR to the cytosol. This is in line with previous reports on skeletal muscle EC coupling using either K + -induced depolarization or electric stimulation (27) (28) (29) . The initial, relatively fast decay phase likely corresponds to the binding of cytosolic Ca 2+ to fast Ca 2+ buffers (troponin) (30) . This initial process is relatively uniform in both ES-and iPSmyocytes, suggesting a well-developed fast buffering system in both cell types. In contrast, the slow decay phase displayed a higher variability for both cell types and slower rates in iPS-myocytes. Interestingly, it has been shown that the slow component of the intracellular Ca +2 decay becomes faster with vertebrate development (27) (28) (29) (31) . Taken together, our data suggest that the slow Ca 2+ buffering processes that follow muscle contraction may still remain immature under these culture conditions in both cell types and to a higher extent in iPS-myocytes.
So far there have been very few reports on the ultrastructural changes of human skeletal muscle embryogenesis in general (32, 33) , and no detailed analysis on myofibrillogenesis or the formation of calcium release units. We show herein that both ESand iPS-derived myogenic cells develop similarly and reach, within a month of differentiation, a high degree of sarcomeric organization with noticeable A-, I-, Z-, and M-bands. T-SR junctions appeared during the first 2 wk of differentiation. They were abundant, peripheral, or internal with various shapes, sizes, locations, and seldom association to myofibrils. Transverse orientation at the A-I junction, which represents the final step in the triad organization (34), was not encountered. This supports the idea that T-SR junctions occur distantly from the myofibrils and do not reach maturity in muscle cell cultures, whereas myofibrils do (35) . Internal CRU polymorphism and nonassociation with the myofibrils have been reported in rodent aneural primary myocytes in vitro (28, 36) and in denervated muscle in vivo (37) , speaking for the plausible influence of innervation on CRU organization. Peripheral couplings, which are considered as rudimentary structures in skeletal muscle, were frequent in both ES-and iPS-myocytes at different stages of their myofibrillar differentiation. This is reminiscent of in vitro vertebrate skeletal muscle development (28) but differs from the in vivo situation where peripheral couplings precede the formation of internal CRUs (14, 38) . Although peripheral couplings represent a landmark of cardiac muscle structure, signs of myocardiogenesis such as the presence of adhering structures ("primitive" intercalated disks) were not encountered in the present survey. Furthermore, in contrast to iPS-derived skeletal myocytes, cardiomyocytes display very few internal T-SR junctions (39) and no M-bands even after 4 mo in culture (40) .
In conclusion, our results show that human iPS-derived myocytes acquire, in culture, functional and ultrastructural landmarks of skeletal muscle. Their characteristics and degree of maturity are comparable to those of their ES counterparts, validating thereby their use in pathophysiological studies. Coculturing iPS-derived skeletal myocytes with motoneurons should enhance their degree of maturity and optimize the model for skeletal muscle research and drug discovery.
Materials and Methods
A detailed description of the materials and methods is provided in SI Materials and Methods.
Myogenic progenitors were generated from the human H9 ES cell line and a fully characterized iPS cell line, both stably transfected with an inducible lentiviral PAX7 gene construct (7) and differentiated in DMEM containing 2% (vol/vol) horse serum (Gibco). APs and voltage-gated ion currents were recorded with the whole-cell patch-clamp technique. EC coupling was triggered by high K + -induced depolarization, and the ensuing changes in [Cai] i were measured using fura-2-based microfluorometry (41) . MHC and α-actinin were labeled using indirect immunofluorescence. The ultrastructure of ES-and iPS-derived cells was analyzed on ultrathin sections (70 nm) using transmission electron microscopy. All results are expressed as means ± SEM. Unpaired, two-tailed Student t test was generally used for statistical analysis. In the case of nonparametric distribution determined by a Shapiro-Wilk W test, the Mann-Whitney U test was applied.
